


absolute accuracy for reflective bands and 1% for the thermal bands, with a goal of
3% for reflective bands using multiple technologies on-orbit. The product is based
on the implementation of a calibration algorithm which removes all systematic
errors, including relative calibration across detectors in each band. A further
calibration process will employ several reference sources and methods to achieve
high relative and absolute accuracy over the long time period of the EOS MODIS
mission.

The MCST has developed a baseline calibration algonthm spec1f1ca6\1@1\§uwluch
outlines the utilization of the calibration sources. The primary reference is thé solar
diffuser plate, which provides a well-described source of high-level radiance for the
reflective bands. Dark-level reference is provided by a space port. The
Spectroradiometric Calibration Assembly (SRCA) provides afi#on-board radiometric
reference for the reflective bands, while a 380K infrared sog qﬁg;:owdes calibration
for the thermal-IR bands. Lunar viewing will also be usec diometric reference.
The algorithm design which follows defines procedures for utilizing these sensor
and space-based sources.

In addition to the space-based calibration references, MODIS will make
extensive use of Earth-scene-based sites to further enhance the relative and absolute
accuracy of calibration. A large number of scef; ';2%5111 be identified which have
uniform and definable reflectance and emissivitygharacteristics. The number and
location of these sites will be chosen so that 10 to 2;will be visible in each orbit and
can be used to update relative and absolute calibration parameters. Optimum time
sequential filtering methods will be used to combine inputs from many sites and
orbits to achieve calibration goals. Baselme definition of the ground truth
processing algorithms are includgs is document.

1.1.4 Creation of Long-Ternt:
Instrument Variations and Pr

Sets: Coping with In-Orbit
iiding Continuity over 15 years

Long-term data sets are required for the understanding and description of the
Earth's climate system,,.MODIS data products, combined with data sets taken by
‘ EOS, Earth probe, and precursor instruments, form the
n understanding the modes of interannual variability,
resequired: the quasi-biennial oscillation (QBO--2 years), the
El Nino/Southern Oscillation (ENSO--2 to 7 years), the solar cycle (about 11 years),
major volcanic eruptions such as El Chich6n and Mt. Pinatubo (3 years for 90%
decay of the eruption cloud, but 10 to 25 years to observe multiple major eruptions),
etc. The realistic minimum duration of a global change data set is in the range of 12
to 15 years, and ideally decades. The key issues include the existence of multiple
overlapping MODIS instrument data sets, each with their own unique orbits and
instrument personalities (Figure 2). This presents both a challenge and an
opportunity. We view the redundancies as an opportunity to obtain an improved
in-flight understanding of the instruments. We propose to maximize this
opportunity through an aggressive intercomparison program between the different
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satellite sensors and algorithms.

In order to acquire an internally homogeneous 15-year data set, several
MOPDIS instruments will be involved. Research with multiple instrument derived
data sets requires that the instruments be related through a set of physical standards
or processes so the data sets can be combined without bias between them. In
addition, calibration must be maintained across missions with different
that we may trust the conclusions drawn from the data. Observations frét
instrument will give slightly different radiance values, using their owh at
calibrations, because of unknown errors in the calibration. Thus, the use of several
satellites will likely become a statistical problem. The problem will be one of three
types: (1) pairs of MODIS data sets overlap and have a constant ratio or difference
between them—in this case, the comparison is straightforwardi(2) The two MODIS
instruments overlap, but there is a trend in the ratio of theg :
of the trend can be identified, a correction may be possible? example, the trend
may arise from outgassing on the newer MODIS, which will re an extended
period of comparison until the outgassing ceases and the trend between the
instruments ceases. If the cause cannot be identified or if the trend continues
throughout the period of overlap, then ancillary ground truth data will be required,
or data from other satellites will be required. ( ere is no overlap period
between two consecutive MODIS flights, mea$ Mtfyfrom the two satellites will
have be scaled to self-consistent values throug «use of other data.

1.1.5 Use and Validation of MODIS Level-1 Data Products

Careful characterization an
fundamental to the success of thi

acking of the MODIS in-orbit performance are
ion. This aspect of the mission is necessary
to exclude subtle measuremen rom the scientific observations.
Accordingly, the following two lines will be adhered to: (1) all geophysical
parameters derived from the engineéting observable will be independently verified;
and (2) the team's overall approach for performing these tasks will be subjected to
peer calibration reviews.

advent of interoperable Earth science information

: ng data even more widely available, we anticipate
greatly increased awaté demand, and usage of satellite, in situ, and related data
sets. This will include data at all processing levels, including the calibrated and
uncalibrated radiances and reflectances, Level-2 geophysical products in scan
coordinates, time and space averaged fields, and statistically or numerically modeled
results. The broader Earth science community, often unfamiliar with subtle
nuances in instrument operation and algorithm performance, will depend on the
increasingly rigorous validation of the MODIS science data products performed
under this effort.

1.1.6 Overview of Algorithm Concept
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The gains of the detectors can be calculated using the counts from the solar
diffuser plate, which are, following the above approach, counts at a known level of
irradiance. Coupled with a zero offset count value, the gain can be found. The gain
may be a function of instrument temperature and time, so these additional inputs
are required. Gains are found infrequently by this technique, so the obtain gains at
any time, ARIMA modelling or Kalman filters will be required to provide gains at
other times.

Gains and zero offsets are inputs to the level 1B data processing.
3.1.4 Earth Target Gain Algorithm (Visible and Thermal Channels)

Field campaigns of surface radiation measurements, affcraft measurements,
and atmospheric composition measurements can be used alﬁhlate at-satellite
radiances which can be compared to MODIS radiances. A Htive transfer code,
such as LOWTRAN or the 5S code, will use the input data to calgulate the at-satellite
radiances. The field campaign led by Phil Slater of the University of Arizona will
use this technique to validate the MODIS radiances. A similar experiment is being
led by Bruce Guenther, who will use a radiometer on an aircraft flying at 50 mb to
measure the upward-welling radiance. Since radiances at this level are very nearly
equal to exoatmospheric radiances at the EOS= erm, very small corrections
will be required for this approach.

Figure 6 shows the logical flows behind this approach. Principal investigators
for these experiments are responsible for the algorithm development, which will be
supported by MCST.

3.1.5 Satellite Intercompa

(Visible and Thermal Channels)

MODIS radiances can be compared to ASTER, MISR, CERES, AIRS, HIRIS,
GOES, AVHRR, LANDSAT, and othet satellite radiances, after appropriate spatial
and spectral re-sampling. In Figure 7, these sensors are divided into three groups:
(1) Sensors on the EOS-AM platform; (2) sensors on other EOS platforms; and (3)
other satellite sensors,,..Algorithm development for this validation scheme will
include:

°prediction pro o designate when sensors on different platforms are
overflying the sattié location

°spatial re-sampling algorithms which will generate images with the same
resolution with appropriate adjustments for different point-spread functions
and different modulation transfer functions .

°spectral re-sampling algorithms which will adjust the measurements to a

common spectral resolution by accounting for differences in spectral response
of the instruments
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The details of these algorithms are yet to be worked out and will require
collaboration between the science teams for the instruments involved.
- Coordination of these activities will be by the EOS Cal/Val Panel with MCST playing
a supporting role.

3.1.6 Traceability to International Standards for MODIS Thermal Channels

Figure 8 is comparable to the traceability chart for the visible chasin
covers the thermal channels which use blackbody sources for calibration. B Y
sources are the primary sources used to calibrate the thermal sensors. These
blackbodies must be well characterized as to their emissivities, emissivity
uniformity, temperature, and temperature uniformity. Pre-launch component
measurements and a pre-launch instrument model will fulfiflsthese goals. The
MODIS thermal channels differ from the visible channel & important respect:
they will view the same calibration source both pre-launchgndt’ in-flight. This
provides a degree of continuity in the calibration which the visible channels do not
possess.

A space look during each scan will provide the zero offset values for the
thermal channels. Coupled with the internal body, sufficient information
exists to calculate the gain. This method is ill in. the center of the figure and
expanded upon in Figure 9.

As with the visible channels, the thermal channels can be validated by
intercomparison with other satellite sensors. These intercomparisons are illustrated
on the right side of Figure 8.

3.1.7 Routine Gain and gorithm (Thermal Channels)

More details on the routine irtsfight thermal gain and offset calculations are
presented in Figure 9. The MODIS blackbody radiances are traceable to the
international temperature scales. Coupled with the counts when the sensor views
the blackbody along with counts when space is viewed, sufficient information exists
to calculate the inst ain. The gain may be temperature sensitive,
particularly if baffies. wed in addition to the blackbody and spacelook. Thus,
both baffle temperat nd sensor temperatures will be added mputs to the gain
calculations. The gains arid offsets are input to the Level-1B processing to produce
calibrated Level-1B radiances.

3.1.8 MTF Characterization

3.2 Data Content of the Level 1A Data
3.2.1 Level 1A Digital Counts

3.2.2 Digitized Scan Angles
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3.2.3 Instrument Temperatures
3.2.4 Modes of MODIS Operation
3241 Normal Earth Viewing Mode

3.241.1 Scan Pattern

Figure Scan 4 Bias and Gain Corrections

Format

Cold look
BB (Vis & SWIR null)

Scan

Electronic gain

Vis: Offset = null = DN

IR: Offset = Cold loo

Gain = BB/Cl :
os = CL*DNBB-BB*DNCL/1-DNBB
gain = DNBB-DNCL/BB-CL

3.24.1.2

Number of Pixels per Scan
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Figure Scan -2 Land/ocean, ice/ocean, snow/foresrt, etc
interface for MTF analysisof data

Y high contrast transitions
~ in 4nx4n pixel space

250-meter pixels

¥ high contrast transitions
N in 2nx2n pixel space

ﬁ )
r ) :
' —— high contrast tra

. in nxn pixel space

*

. v

1000-meter pixel
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Figure Scan 1 MODIS Level-1B Calibration Algorithm Product
Within Line Data Corrections:

Bl Scene Dependent MTF Inversion
B Bias Offsets

B Gains
32413 Ground Projection of IFOV
3.24.2 Solar Diffuser Deploy d (3 modes)
3243 SRCA Grating/Mirror Settings (3 modes)
3244 SRCA Lamps On/Off (8 settings or modes)
3.2.4.5
3.2.4.6
3247 Recticle Deployed/Stowed (2 modes)
3.2.5 Platfo ary Data
3251 atform Orientation
3252 On/Off Modes of Other Instruments
3253 Sterling Coolers Heated/Normal Modes

3.3 Format of the Level 1A Data
3.3.1 Pre-Launch Experiments

3.3.2 In-Orbit
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3.4 The In-Orbit Level 1B Radiance Production Software

3.4.1 Philosophy of Data Correction

Figure Scan-3
Within Line Reference targets for gain and offset corgecti

ES

Dark scan

Detector assemblies

34.1.1 Radi Catibration Per Pixel
34.12 Data Block Sizing

3413 DC and Cyclic Variations

34131 iping

34.132 #Coherent Noise

34133 Random Noise

34.1.3.4 Orbital, Yearly, and Other Cycles

3.4.2 Calibration Coefficients from Solar Diffuser

3.4.3 Calibration Coefficients from Imaging Techniques
3.4.3.1 Image-Related Radiometric Rectification
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3432 Class-Specific Scene Equalization
3.4.4 Thermal Band Calibration Coefficients

345 MTEF Corrections

Figure Scan -2 Land/ocean, ice/ocean, snow/foresrt, etc
interface for MTF analysisof data

v high contrast tran
~ in 4nx4n pixel space

Y high contfrast transitions
~ in 2nx2n pixel space

high contrast transitions
PR A in nxn pixel space

3.5 Format of the Level 1B Radiance Data
3.6 References
4 Spectral Algorithms
4.1 Flow Charts for the Spectral Characterization

4.2 Ground Tests
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4.3 SRCA Mode
5 Geometric Algorithms
5.1 Flow Charts for the Geometric Characterization

5.2 Ground Tests

5.3 SRCA Mode
6 Off-line Radiometric Algorithms

6.1 Pre-Launch Radiometric Math Models

6.1.1 Calibration Ground Support Equipment (GSE) Lt

6.1.11 Sources
6.1.1.2 Traveling Radiometess
6.1.1.3 Vacuum Chambers

6.1.2 Calibration Geometry

6.2 Instrument Cross-Calibration

6.2.1 Pre-Launch Cros

6.2.1.1 Among M@BIS Instruments
6.2.1.2 Between MODIS and Other Instruments
6.2.2 In-Orbg

4-Calibration

6.2.2.1 ross-Sensor/Within Platform
6.2.2.2 Cross-Platform/Among Sensors
6.2.2.3 Target Related/ Aircraft

6.3  Target-Based Validation Experiments
6.3.1 Target Related/Ground Reflectance Campaigns
6.3.2 Target Related/Aircraft Campaigns
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6.3.2 Bio-Optical Oceans/Buoy and Ship Campaigns

6.4 Calibration Error Analyses and Comparisons

6.5 References

7 Acronyms and References

7.1 Acronyms

A

AIRS Atmospheric Infrared Sounder

ASTER Advanced Spaceborne Thermal Emission a

AVHRR  Advanced Very High Resolution Radiomet

AVIRIS Airborne Visible/Infra-Red Imaging Spectromete:

E

EOS Earth Observing System

EOSAM EOS AM polar orbiting observat

EOSPM EOS PM polar orbiting observatory

EOSP Earth Observing Scanning Polarim

G

GOES Geostationary Operational Environmental Satellite

H

HIRIS High Resolution sectrometer

MCST MODIS Characterization Support Team

MERIS Medium Resolution Imaging Spectrometer

MISR Multi-angle Imaging Spectro-Radiometer

MODIS i golution Imaging Spectrometer

MTF insfer function

NASA National Aeronautics and Space Administration

NIST National Institute of Standards and Technology

NOAA National Oceanic and Atmospheric Administration

S

SeaWiFS  Sea Viewing, Wide Field-of-View Sensor

SBRC Santa Barbara Research Center

SDSM Solar Diffuser Stability Monitor

SRCA Spectro-radiometric Calibration Assembly
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7.2 Additional References

MODIS/MCST Level-1B Algorithm Plan Page-25 J. Barker NASA /GSFC/925 26 October 1992
MODIS Characterization Support Team (MCST) Macllci File: ALGPLAN.1 6:19PM 10/23/92



